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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch 25.40 millimeter
foot 0.3048 meter
mile 1.609 kilometer
mile per hour 1.609 kilometer per hour
acre 0.4047 hectare
square foot 0.0929 square meter
square mile 2.590 square kilometer
gallon 3.785 liter
cubic foot 0.02832 cubic meter
acre-foot 0.001233 cubic hectometer
cubic foot per second 0.02832 cubic meter per second

Temperature in degrees Celsius (*C) can be converted to degrees Fahrenheit (‘'F) by the
equation:

‘F=9/5(C)+32

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--
a geodetic datum derived from a general adjustment of the first-order level nets of the United
States and Canada, formerly called Sea Level Datum of 1929.



ANALYSIS OF METEOROLOGICAL DATA AND WATER CHEMISTRY
OF LATIR LAKES, TAOS COUNTY, NEW MEXICO, 1985-88
By Scott K. Anderholm, Raymond G. Roybal,

Dennis Risser, and Georgene Somers

ABSTRACT

Data were analyzed to determine the chemistry of atmospheric deposition and water of the
Latir Lakes in Taos County, New Mexico, from 1985 to 1988. The Latir Lakes consist of a series of
nine paternoster lakes that range in altitude from 11,061 to 11,893 feet above sea level. The pH of
wet precipitation generally ranged from 4.6 to 5.5 and the specific conductance of wet
precipitation ranged from 1 to 18 microsiemens per centimeter at 25 degrees Celsius from
December 1985 through September 1988.

Snowpack chemistry data indicate a change in the specific conductance, pH, and alkalinity
of the snowpack from month to month. The dominant cation in the snowpack is calcium, and
the dominant anions are nitrate and sulfate. The samples having the smallest values of specific
conductance generally did not contain measurable alkalinity. When the snowpack starts to melt
in the spring, specific conductance of the entire snowpack decreases, consistent with the
hypothesis that the initial fluid draining from the snowpack transports a large amount of
dissolved material out of the snowpack.

Water chemistries in the Latir Lakes are similar although specific conductance increases
downstream from lake 9 to lake 1. Calcium is the dominant cation and the ions that produce
alkalinity are the dominant anions. Concentrations of sodium, magnesium, chloride, and sulfate
do not vary substantially from year to year or during the year in a particular lake. Alkalinity and
calcium concentration, however, do vary from year to year and during the year. The pH of
outflow from the Latir Lakes varies from lake to lake and from year to year. In 1986, the range in
pH in the lakes was less than 1 unit in mid-June, but was greater than 2.5 units by late October.
The pH generally was larger than 7.0 in all of the lakes and was as large as 9.9 in several of the
lakes during the period of study. The pH of outflow water generally increases from early spring
to late summer in the Latir Lakes, and snowmelt does not seem to cause the pH to decrease in the
lakes.

Depth profiles of selected lakes indicate that the dissolved-oxygen concentration
approaches zero below the thermocline. This suggests biological oxidation of organic matter in
the lower zones in these lakes. Because many organisms cannot live in water containing small
dissolved-oxygen concentrations, large volumes of water in lakes 9 and 3 probably are not
suitable for habitation during the summer months.



INTRODUCTION

Emissions from the combustion of fossil fuels have been extensively studied in connection
with acid deposition and the resulting massive chemical and ecosystem changes in Scandinavia,
Canada, and the northeastern United States. Recent evidence indicates that acid deposition also
is a common occurrence in the Western United States (Lewis and Grant, 1980), including
northern New Mexico (Popp and others, 1984).

A current (1987) deficiency in acid-deposition research in the Western States is the scarcity
of sampling sites at high altitudes. Only 4 of 64 National Atmospheric Deposition Program/
National Trends Network (NADP/NTS) deposition-monitoring sites in the mountainous
Western States are at altitudes higher than 3,000 meters (9,840 feet) above sea level (National
Atmospheric Deposition Program, 1986). Popp and others (1984) suggested that deposition
collected at low altitudes in New Mexico may not be representative of the amount and chemistry
of deposition received by parts of the ecosystem most vulnerable to the effects of acidic
precipitation—-high-altitude lakes. Precipitation falling at high altitudes may be considerably
more acidic than precipitation falling at lower altitudes because terrestrially derived atmospheric
particles that neutralize acidity are less available in the mountains.

Acidic precipitation results in substantial seasonal and short-duration episodic changes in
the water chemistry of lakes. Episodic changes in water chemistry may occur during rainstorms
(Lynch and others, 1986) or during snowmelt (Skartveit and Gjessing, 1979). Snowmelt has the
potential to cause significant changes in water chemistry because the concentration of some ionic
species can be 5 to 20 times larger in the initial fraction of snowmelt compared to the average
concentration in the snowpack (Johannessen and Henriksen, 1978; Suzuki, 1984; Stein and
others, 1986). These temporal water-chemistry changes may have adverse effects on aquatic
biota if they occur during sensitive periods of an organism's development, such as during the
hatching of fish. In 1987, the U.S. Geological Survey, in cooperation with New Mexico Highlands
University, began an investigation to determine the chemistry of atmospheric deposition and the
water chemistry of the Latir Lakes in Taos County, New Mexico (fig. 1).

Purpose and Scope

This report presents meteorological data and describes the water chemistry of the Latir
Lakes. The meteorological data include air temperature; wind speed and direction; precipitation
volume; and rainfall, snowpack, and snowmelt chemistry. The description of water chemistry
includes lake outflow and depth profiles. All data were collected from 1985 to 1988.
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DESCRIPTION OF STUDY AREA

Data were collected at the Latir Lakes, the atmospheric-deposition station, and the weather
station in the Sangre de Cristo Mountains of northern New Mexico (fig. 1). The Latir Lakes are a
series of nine paternoster lakes carved by glaciers from volcanic bedrock of rhyolite and andesite
(McKinlay, 1956). The lakes, numbered from lake 9 to lake 1, range in altitude from 11,893 to
11,061 feet above sea level, respectively (fig. 2).

The Latir Lakes are in a location that is particularly vulnerable to atmospheric deposition of
nitrogen and sulfur emissions. The lakes lie in the prevailing downwind pattern of air circulation
from copper smelters in southeastern Arizona, southwestern New Mexico, and northern Mexico.
Emissions from coal-fired powerplants in the northwest and west-central parts of New Mexico
also may be carried over the area.

Because the lakes generally are inaccessible from November through May, a weather
station and an atmospheric-deposition station were located at a nearby ski area, which allowed
year-round access. The weather station was at the top of the upper chair lift, at an altitude of
11,400 feet (fig. 1). About a mile away, the deposition station, located to assure undisturbed
snowpack, was at an altitude of 10,200 feet (fig. 1).
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Geologic Setting

The geology of the Latir Lakes study area was mapped and described by McKinlay (1956).
Most of the following discussion has been summarized from his work.

Three bedrock units of Tertiary age are exposed in the Latir Lakes study area (fig. 3). The
oldest bedrock unit consists of red and purple to green andesite flows and pyroclastics (Ta, fig. 3).
These rocks are exposed near the upper six Latir Lakes. The andesite flows change thickness
from a few feet to several hundred feet in short distances. These flows commonly are
interbedded with tuff beds, breccias, and sedimentary rocks, such as conglomerates or siltstones
(McKinlay, 1956, p. 13). The andesite flows generally are fine grained. Although some flows are
porphyritic and contain phenocrysts of plagioclase and hornblende, much of the aphanitic
groundmass is glassy and contains disseminated hematite (McKinlay, 1956, p. 13). Some augite
is present; however, the augite generally is altered to chlorite and hematite.

The Latir Peak Formation was named for Latir Peak, where it is exposed (Tlp, fig. 3)
(McKinlay, 1956, p. 14). The formation also is exposed on the steep slope between lakes 3 and 4
and south of lakes 1-3 (fig. 3). The Latir Peak Formation consists of light-gray to reddish andesite
and latite (porphyry) flows, sills, and dikes. The sills and dikes intrude the andesite flows (Ta,
fig. 3). Near this contact with the andesite flows (Ta, fig. 3), the andesite flows have been
fractured, sheared, and metamorphosed. The Latir Peak Formation is fine grained near the
contacts with the andesite flows and becomes coarser grained outward from the contacts
(McKinlay, 1956, p. 14). The formation is composed mainly of latite; however, in some areas the
composition is andesitic. The latite contains phenocrysts of plagioclase (35 percent of the rock),
which are between oligoclase and andesine; biotite (5 percent); hornblende (2 percent); and
quartz. The groundmass consists of feldspars and quartz (McKinlay, 1956, p. 14).

The third Tertiary bedrock unit consists of rhyolite tuffs and flows ranging in thickness
from 1,000 to 1,500 feet that crop out east and north of the Latir Lakes (Tr, fig. 3). East of the Latir
Lakes, the unit is composed of rhyolite tuffs and breccias. The rhyolite tuff is younger than the
andesite flows and pyroclastics of the Latir Formation; however, the age relation between the
two units is uncertain (McKinlay, 1956, p. 14).

A Tertiary porphyritic rhyolite dike is exposed south of lakes 8 and 9 (Tri, fig. 3). The dike
contains phenocrysts of orthoclase and rounded quartz crystals in an aphanitic groundmass.
Quaternary alluvium (Qal, fig. 3) is present in the valleys and on the slopes adjacent to the lakes
The alluvium consists of glacial and stream deposits.
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Vegetation

The vegetative cover of the Latir Lakes watershed above lake 1 is varied but has been
divided into three general categories (fig. 4) on the basis of field reconnaissance and aerial
photographs. Some small areas mapped within one category may have another vegetative cover,
but because of the map scale these areas cannot be delineated. Dense stands of Engelmann
spruce and Douglas fir comprise the most common vegetative cover. In general, the trees are
close together and there are few shrubs and little or no grass under the canopy. At higher
altitudes, alpine grass and small shrubs comprise the second vegetative cover. Fir and spruce
trees are scattered within this category, which also includes marshy areas near the lakes. The
third vegetative cover consists of rock outcrops and widely scattered grasses and shrubs on steep
slopes and rock outcrops. Many of the areas included in this category are rock glaciers and scree
slopes.

METEOROLOGICAL DATA

Meteorological data were collected at two locations at the ski area (fig. 1). Temperature and
wind data were collected at the weather station at an altitude of approximately 11,400 feet above
sea level. This station is approximately 2.5 miles from the Latir Lakes (fig. 1). Atmospheric-
deposition, snowmelt, snowpack, and precipitation-volume data were collected at the
atmospheric-deposition station at an altitude of approximately 10,200 feet above sea level. This
station is approximately 3.5 miles from the Latir Lakes (fig. 1).

Instrumentation and Data Collection Methods

Weather Station

A recording device and instrumentation for monitoring air temperature, wind direction,
and wind speed were installed at the top of the uppermost ski lift. This allowed collection of
weather information during the winter months when the Latir Lakes are inaccessible.

Atmospheric-Deposition Station

An Aerochemetrics' wet-dry deposition collector was installed to obtain samples of
atmospheric deposition. A Belfort recording rain gage was installed to collect data on
precipitation volume and time of occurrence. In general, the station was operated according to
procedures for sampling and analysis described by Bigelow (1982). Instruments were serviced
weekly by a local observer who changed buckets and charts and measured snow depth.

1Use of trade names in this report is for identification purposes only and does not
constitute endorsement by the U.S. Geological Survey.
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Atmospheric-deposition samples

Polyethyene buckets containing wetfall precipitation samples from the deposition collector
were shipped to Albuquerque (approximately 3 days in the mail) where pH, specific
conductance, and alkalinity were measured. The pH was measured using an Orion Model SA250
pH meter and a Ross combination electrode. Orion low ionic strength buffers were used for
calibration of the pH meter. Specific conductance was measured using a Myron EP meter, which
was calibrated prior to each measurement. Alkalinity was determined by titration with 0.016-
normal sulfuric acid and was computed using Gran's technique (Gran, 1952).

Alkalinity is the capacity of a solution to react with and neutralize acid and not the
concentration of an individual species (Hem, 1985, p. 106). Bicarbonate and carbonate are the
main dissolved species that produce alkalinity in most natural waters; however, hydroxide,
ionized silicic acid, borate, and organic ions also produce alkalinity (Drever, 1988, p. 52). In this
report alkalinity is expressed in terms of an equivalent concentration of calcium carbonate. To
obtain alkalinity in terms of milliequivalents per liter, multiply the milligrams per liter as CaCOj3
by 0.02.

If a sample volume was larger than about 500 milliliters, the sample was filtered through a
0.45-micron filter into a polyethyene bottle that had previously been soaked in ultrapure
deionized water (water having a specific conductance less than 1 microsiemen per centimeter at
25 degrees Celsius). The sample bottles were soaked until the specific conductance of the
deionized water was less than 1 microsiemen (microsiemen per centimeter at 25 degrees Celsius)
and then filled with ultrapure deionized water until used. Prior to using a sample bottle, the
specific conductance of the deionized water was checked to ensure that it was less than 1
microsiemen. The filter holder and receiver were used only for atmospheric-deposition and
snowmelt samples. Prior to filtering the deposition samples, the filter holder and receiver were
rinsed with ultrapure deionized water. The filter paper was then inserted into the filter holder
and approximately 100 milliliters of ultrapure deionized water was suctioned by vacuum
through the filter paper into the receiver. After emptying the receiver, if total sample volume
was sufficient, approximately 100 milliliters of the atmospheric-deposition sample was suctioned
through the filter paper and discarded. The remainder of the sample was filtered and put into
the sample bottles. The sample for cation analysis was then preserved with 1 milliliter of nitric
acid. Samples that were to be analyzed for dissolved phosphorus, ammonia, and dissolved
organic carbon were preserved with 1 milliliter of sulfuric acid. Samples to be analyzed for
anions were preserved by chilling to 4 degrees Celsius in opaque bottles until analysis.
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Snowpack samples

Snowpack samples were collected next to the atmospheric-deposition station at the ski
area. This area was flat and protected from the wind so little or no drifting of snow would occur.
Spacial variation in snowpack depth in this area was small based on monthly measurements.
The snowpack was sampled in an undisturbed area by digging a pit in the snow to the ground
surface and sampling snow from the walls of the pit. Snow samples of 6 x 6 x 2 inches were
collected every 2 vertical inches for the entire depth of the snowpack using a plastic scoop. Each
sample was carefully measured for size. Each sample was placed in a plastic bag (which had
been rinsed with ultrapure deionized water), sealed, and kept frozen in a cooler to reduce the
possibility of evaporation until it was carefully weighed for density determinations at the U.S.
Geological Survey laboratory in Albuquerque. The samples were then thawed, and specific
conductance, pH, and alkalinity measurements were made. Selected samples were composited,
filtered, and sent to another laboratory for chemical analysis.

Snowmelt samples

Snowmelt samples were collected adjacent to the atmospheric-deposition station in spring
of 1988. The snowmelt sampler, which was installed in fall 1987 prior to any snowfall, consisted
of a 30- x 30-inch epoxy-coated fiberglass shower base. A PVC pipe drained from the drain of the
shower base into a bucket enclosed in a larger container, buried in the ground approximately 10
feet from the shower base. The shower base and associated plumbing were rinsed with ultrapure
deionized water after installation. The sample bucket, the same type used for atmospheric-
deposition sampling, was monitored in the spring when snowmelt was expected to begin;
however, snowmelt occurred relatively rapidly in 1988, and some of the water from the earliest
snowmelt was lost when the sample bucket overflowed. Thereafter, the sample bucket was
removed and replaced with a clean bucket daily. Specific-conductance, pH, and alkalinity
measurements were made on snowmelt samples within 3 hours of collection. Procedures for
these measurements, sample filtering, and preservation were the same as those described above
for the atmospheric-deposition samples.

Chemical Analysis of Samples

Two laboratories were used during the study. The New York State Department of Health
Laboratory in Rochester analyzed most samples collected prior to October 24, 1987. This
laboratory was under contract with the U.S. Environmental Protection Agency (EPA) and used
methods that are EPA-approved for precipitation samples. The U.S. Geological Survey Central
Laboratory in Denver, Colorado, analyzed samples collected after October 24, 1987. All cations
except sodium were analyzed using inductively coupled plasma techniques. Sodium was
analyzed using atomic absorption techniques. All anions were analyzed using ion
chromatography techniques.
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Data Analysis

Temperature and Wind Data

The collection of temperature, wind-direction, and wind-speed data began in November
1986. Many problems were encountered during the collection of these data, some of which were
not quickly resolved. As a result, there are large gaps in the data.

The difference between daily minimum and daily maximum temperatures generally was
about 10 to 15 Celsius degrees. Annual temperature ranged from minus 15 to plus 25 degrees
Celsius. The temperature data are shown in figure 5.

The wind-direction data are the least complete; however, several observations can be made
from the existing data. The predominant wind direction was from the south to southwest (180 to
270 degrees clockwise from north) (fig. 5). When the wind speed was greater than 10 miles per
hour, the wind was often from the east or southeast (90 to 180 degrees clockwise from north).
Winds from these directions and also from the northwest are associated with precipitation.

Precipitation Volume

Precipitation volume was measured from December 5, 1986, to October 8, 1988. To fill gaps
in the data from the recording rain gage, volumes have been calculated from the precipitation
collected in the deposition collector (table 1; tables are in the back of the report). Although the
deposition-collector efficiency was not as great as the recording rain gage, the data are still
useful. Data calculated from the deposition collector are indicated by an asterisk in table 1 and
the days they represent are indicated by brackets. When the deposition-collection period
included parts of 2 months, the precipitation was arbitrarily assigned to the month that had more
days of collection. When the deposition-collection period overlapped 1987-88, the calculated
precipitation was divided in half for the period of record; one-half the precipitation was
arbitrarily assigned to each year. Total precipitation measured in 1987 was 22.15 inches.

The records indicate a variation in seasonal precipitation from year to year. In 1988, total
precipitation measured from January through April was 5.14 inches; during this same period in
1987 total precipitation was 10.34 inches. The only long-term precipitation data were from the
Rio Costilla weather station in Costilla (fig. 1) from 1914 to 1921. These data indicate that April,
May, July, August, September, and October are the wettest months of the year (table 2).
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Figure 5.--Temperature, wind direction, and wind speed at the weather station.
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Precipitation Chemistry

Dissolved constituents in precipitation can come from many sources such as oceanic spray,
dust, pollutants, and volcanic ash (Likens and others, 1977). The pH of pure water in
equilibrium with atmospheric levels of CO, would be about 5.6 (Drever, 1988, p. 209).
Precipitation with pH values less than 5.6 could be considered acid rain; however, water is
generally not considered acid if the pH is greater than 5.0 (Drever, 1988). Burning of fossil fuels,
smelting of nonferrous metals, and various combustion processes result in the addition of sulfur
dioxide and nitrogen oxides to the atmosphere. Hydration and oxidation of these sulfur and
nitrogen compounds produce sulfuric acid and nitric acid, which can result in decreases in the
pH of precipitation (acid rain). These acids combined with precipitation can dissolve calcium
carbonate in atmospheric dust, causing the pH of precipitation to increase; however, the
concentration of dissolved calcium will also increase.

The precipitation-chemistry data collected from December 1986 to September 1988 are
shown in figures 6-11 and listed in table 3. The pH of most of the precipitation was between 4.6
and 5.5, and the median pH is 5.07 (fig. 6 and table 3). Several precipitation samples had a pH of
6.0 or greater. Samples collected in January 1987, March 1987, and mid-March to early May 1988
had pH values greater than 5.8. The specific conductance of precipitation ranged from less than
1 to more than 18 microsiemens (fig. 7). Specific conductance generally decreases with increasing
pH (fig. 8), which indicates that water with smaller pH has larger amounts of dissolved ions.
There appears to be no relation between sulfate plus nitrate concentrations and pH (fig. 9),
sulfate and nitrate concentrations (fig. 10), or calcium plus magnesium and sulfate plus nitrate
concentrations (fig. 11).
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CALCIUM PLUS MAGNESIUM, IN MILLIEQUIVALENTS PER LITER
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Snowpack Chemistry

Snowpack samples were collected in April and May 1987 and in January through April
1988. In 1987, moisture content, specific conductance, and pH were measured for snowpack
samples (figs. 12-13); in 1988, these properties plus alkalinity were measured for each sample
(figs. 14-17). In addition, composites of snowpack were collected and analyzed for dissolved
constituents (table 4).

The chemistry of snowpack samples at a particular level above land surface varies
considerably from month to month (table 4; figs. 12-17). Snow samples were collected in a flat
area that was protected from the wind, and each monthly set of samples was collected from
previously undisturbed snow in an attempt to minimize site-to-site variation. It is recognized
that snow from a particular storm may not be at the same distance from land surface from month
to month and that there is compaction and redistribution of solutes in the snowpack during the
winter. Comparison of the chemistry of snow at particular levels from month to month is useful
in better understanding how solutes are redistributed in the snowpack during the winter. On
April 1, 1987, the specific conductance of the sample from 10 to 12 inches above ground surface
was approximately 13 microsiemens and the specific conductance of the entire snowpack below
the 38-inch level generally was larger than 8 microsiemens (fig. 12). The pH generally increased
from the top of the snowpack downward. On May 8, 1987, the snowpack had melted or settled
to about one-half the depth of April 1 (figs. 12 and 13). Specific conductance of the snowpack
generally was less than 5 microsiemens (fig. 13). The layer having the large specific conductance
in April (10 to 12 inches) was not present in May. The specific conductance of the entire
snowpack decreased from April to May, indicating that large amounts of dissolved ions are
transported out of the snowpack during the initial melt of the pack. The pH of the bottom part of
the snowpack generally was less in May than in April.

Data collected in 1988 give a better indication of the changes in snowpack chemistry
throughout the winter because samples were collected from January through April. The
snowpack had melted by mid-April 1988.

Comparison of the snowpack chemistry in January and February 1988 indicates that
moisture content and specific conductance generally decreased in February (figs. 14 and 15). The
data collected in February for the interval 0 to 2 inches probably are not representative of the
snow because some dirt and plant material were in the sample. The pH increased in the bottom
7 inches of the snowpack and remained approximately the same in the rest of the snowpack. In
January, samples from 7 to 9 inches above ground surface had large specific conductance, pH,
and alkalinity compared with the rest of the snowpack; a layer of similar composition is not
evident in the samples collected in February (figs. 14 and 15).
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Comparison of the snowpack chemistry in February and March indicates little change in
moisture content, specific conductance, and pH in the interval 8 to 26 inches above ground
surface (figs. 15 and 16). Alkalinity expressed as equivalent amount of calcium carbonate was
larger than zero in several layers in March, whereas alkalinity had been zero in the same layers in
February. This could indicate chemical reactions in the snowpack between the February and
March samplings. In the 12- to 14-inch and 24- to 26-inch layers, there was little change in
specific conductance and pH between February and March; however, alkalinity increased. In the
8- to 10-inch layer, specific conductance increased, pH was about the same, and alkalinity
increased. In the 6- to 8-inch layer, pH increased but specific conductance remained unchanged.
In the 4- to 6-inch layer, pH, specific conductance, and alkalinity increased (figs. 15 and 16). The
increase in pH and alkalinity in specific layers could indicate chemical reactions in the snowpack
that result in the neutralization of acids in the snow.

Snow depth decreased 11 inches from March (32 inches) to April (21 inches) and moisture
content generally increased throughout the snowpack (figs. 16 and 17), indicating an increase in
the density of the snow and redistribution of water in the pack. Specific conductance decreased
in the 2- to 10-inch and 14- to 18-inch intervals and increased in the 18- to 20-inch and 10- to
14-inch intervals from March to April (figs. 16 and 17). The pH increased in the 2- to 4-inch and
12- to 20-inch intervals and decreased in the 4- to 8-inch and 10- to 12-inch intervals during this
period. Alkalinity expressed as calcium carbonate (CaCQOj3) in the 18- to 20-inch interval, which
was at the top of the snowpack in April, was almost 2.0 milligrams per liter, possibly indicating
that carbonate dust is dissolving in this layer. Specific conductance of the majority of the
snowpack decreased from March to April 1988 as was seen in the snowpack in April and May
1987. This indicates that the initial fluid draining from the snowpack transports a large amount
of dissolved material out of the snowpack.

Three composites of snowpack were collected and analyzed for major ions each month
from January through April 1988. The results of these analyses can be used to examine
differences in snowpack chemistry throughout the snowpack on a particular date (table 4), but
they are of limited use in comparing changes in snow chemistry on a monthly basis because the
depths of the sample intervals varied between months. The three composites collected in
February spanned the entire depth of snowpack. The composite samples collected in other
months generally were from 2- to 4-inch intervals from three different depths in the snowpack.
Sodium and magnesium concentrations in the samples were less than the detection limit of the
technique used for the analyses. For these samples, the detection limits set an upper bound for
the sodium and magnesium concentrations.

Some general comments regarding the chemistry of the snow can be made by examining the
chemical analyses of snowpack composite samples (table 4; figs. 18-21). In general, the pH of the
snow was greater than 5.0 in the samples collected. The nitrate and sulfate concentrations, in
milliequivalents per liter, in the snowpack generally were about equal. Calcium was the
dominant cation. Samples containing larger amounts of dissolved solids generally contained
measurable alkalinity; dilute samples, however, generally did not. In general, samples from the
upper and lower parts of the snowpack contained larger concentrations of ions than samples
from the middle of the pack (figs. 18-21). Samples collected in March and April from near the top
of the snowpack generally contained the largest concentrations of ions (figs. 20-21).
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Figure 18.--Chemical analysis of snowpack composite samples, January 21, 1988.
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Figure 19.--Chemical analysis of snowpack composite samples, February 24, 1988.
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Figure 21.--Chemical analysis of snowpack composite samples, April 6, 1988.
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Snowmelt Chemistry

Snowmelt was collected for chemical analysis in 1988. On an April 6 inspection about 100
milliliters of water was found in the sample container, a 3 1/2-gallon bucket in the snowmelt
collector. A new sample container was installed at 1000 hours. The sample container was
removed at 1700 hours and found to contain about 200 milliliters of water. By the next site visit
(April 11 at 1630 hours), the sample container had overflowed. The volume of water that had
overflowed the container is not known; however, the snow depth was about one-half of that on
April 6. From April 11 to April 15, the sample container was removed from the collector each
day. Sample volumes ranged from about 2 1/2 to almost 3 1/2 gallons per 24 hours. The snow
depth on April 15 was about 1 1/2 inches. The sample container was checked again on April 18
at 1630 hours. The snow in the collector was less than one-half inch deep and was completely
melted in some places. Fresh snow fell on April 18, but because most of the old snowpack had
already melted, the decision was made not to monitor the collector until later in the month.

The specific conductance of snowmelt indicates that the sample collected on April 6
contained the largest concentration of dissolved material (table 5). This supports the
interpretation that the initial fluid draining from the snowpack transports a large amount of
dissolved material out of the snowpack. The pH of the snowmelt sample collected on April 6
was 7.17, specific conductance was 34.2 microsiemens, and alkalinity as calcium carbonate was
11.57 milligrams per liter. In snowmelt samples collected after April 6, pH was greater than 6.4,
specific conductance ranged from 3.8 to 13.5 microsiemens, and alkalinity as calcium carbonate
ranged from 1.48 to 3.50 (table 5). The large calcium and alkalinity concentrations in the April 6
snowmelt sample could indicate that the initial snowmelt dissolved carbonate dust. The
dissolution of carbonate dust would tend to neutralize any acids in the meltwater and result in
increased pH. All the snowmelt samples contained alkalinity as calcium carbonate greater than 1
milligram per liter (table 5). The pH, specific conductance, and sulfate plus nitrate are shown in
figures 22-24. There appears to be no relation between pH and specific conductance (fig. 25) or
between sulfate plus nitrate and calcium plus magnesium (fig. 26).

WATER CHEMISTRY OF LATIR LAKES

Data were collected at the Latir Lakes from July 1985 to October 1988. After 1985 the data
collection generally was from June through October when access to the lakes was possible.
Because of limited resources, some lakes were studied more intensively than others. This section
of the report describes the methods used to collect the data and provides an analysis of the data
collected at each of the lakes in descending order from lake 9 to lake 1.
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Figure 22.--Variation in pH of snowmelt.
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SPECIFIC CONDUCTANCE, IN MICROSIEMENS
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Figure 23.--Variation in specific conductance of snowmelt.
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SULFATE PLUS NITRATE, IN MILLIEQUIVALENTS PER LITER
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Figure 24.--Variation in sulfate plus nitrate concentration in snowmelt.
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SULFATE PLUS NITRATE, IN MILLIEQUIVALENTS PER LITER

0,08 [— T T T T[T~ ——T—T

0.07

0.08

saa el e a g el gy

0.05

0.04

0.03

0.02

O
O

0.01

O

ST ENS NN ERE AT TR S NS NN TR U BN

LI B L LB UL AL O L L L L L (L L L LD B0 B B

[\ T BT B S RS S RS E S S R
0.05 0.10 0.15 020 0.25 0.30 0.35

5

CALCIUM PLUS MAGNESIUM, IN MILLIEQUIVALENTS PER LITER
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Data Collection Methods

Depth Profiles of Lakes

To estimate the volume of water in each lake and select appropriate locations for
determining changes in water chemistry with depth, bathymetric surveys were conducted for
each lake. Numerous transects across each lake were made using an inflatable raft, and the
depth was recorded by a fathometer. The lake perimeters were determined using a transit and
stadia rod. Lakes 3, 5, and 9 were selected for sampling because they are the deepest of the three
(lower, intermediate-, and higher altitude) groups of lakes.

At the deepest part of each lake, depth profiles of pH, specific conductance, temperature,
and dissolved oxygen were measured from an inflatable raft. Samples for pH and specific
conductance were collected using a 2-foot-long Van Dorn sampler. Sample depth was considered
to be the depth of the midpoint of the sampler during sample collection. The samples were
placed in plastic bottles, which had been rinsed three times with the sample water. The pH and
specific conductance were measured with the same instruments used for precipitation
measurements. Temperature and dissolved oxygen were measured using a Yellow Springs
Instruments Model 57 dissolved-oxygen meter. Except in the early stages of the study, these
depth-profile measurements were conducted nearly every month.

Lake-Outflow Measurements

In summer 1986, lake-outflow measurements were made using a pygmy current meter to
determine the expected flows for selecting optimally sized flumes and to examine lake stage-
discharge relations in individual lakes. The techniques used are described by Buchanan and
Somers (1965).

Flumes were installed at the outflows of lake 9 and lake 2 in August 1986. Lake 9 was
selected because it is at the highest altitude and is the headwaters of the series of lakes; lake 2
was selected because its outflow could be measured more accurately than lake 1, the lowest lake.
The flumes were equipped with automatic-stage recorders set to make hourly readings during
the remainder of the 1986 field season and the 1987 and 1988 field seasons. Discharges were
calculated on the basis of the stage-discharge rating of the flumes and the recorded stage.

A monitor was installed April 21, 1987, at the outflow of lake 2 to monitor pH, specific
conductance, temperature, and dissolved oxygen on an hourly basis. The calibration and
operation of the monitor were checked monthly and recalibrated if necessary.

Lake-outflow samples were collected monthly from lakes 9, 5, and 2 during the 1987 and
1988 field seasons. These samples were collected by withdrawing water from the centroid of the
outflow using flexible rubber tubing and an electric sampling pump. The samples were filtered
using a 0.45-micron filter and put into polyethylene bottles that had been previously washed
with ultrapure deionized water. Samples collected for analysis of cations were preserved using
1 milliliter of ultrapure nitric acid. Samples collected for analysis of anions were chilled to
4 degrees Celsius and kept in the dark until analysis. The laboratories that analyzed the
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deposition samples analyzed the lake-outflow samples. The pH, specific conductance,
temperature, and alkalinity were measured on site when samples were collected. In addition to
the sampling at lakes 9, 5, and 2, the pH, specific conductance, and temperature were measured
monthly at the outflow of lakes 8, 6, 4, 3, and 1 during 1986, 1987, and 1988.

Lake9

Lake 9, at an altitude of 11,893 feet, is the highest of the Latir series. It is the second largest
of the Latir Lakes, having a total surface area of 10.83 acres. However, lake 9 is the largest in
volume, containing 11,226,000 cubic feet (258 acre-feet) of water, because it is the deepest of all
the lakes. Maximum depth is about 42 feet and average depth is 23.8 feet (fig. 27; table 6). With
the exception of a small seep on the western side of lake 9 no surface water flows into the lake.
Because no streams flow into lake 9, the water chemistry of the lake is determined by the
precipitation and ground-water inflow. Latir Creek begins at lake 9 and flow in maintained by
outflow from lake 9.

Outflow water from lake 9 has the smallest specific conductance of any of the Latir Lakes
outflows (table 7). The pH of outflow water from lake 9 generally was larger than 8.0; however,
in the early fall of 1987 and the late summer of 1988 the pH of outflow water was less than 8.0.
Calcium is the predominant cation and the ions that produce alkalinity (mainly bicarbonate and
carbonate) are the predominant anions in water from lake 9 (figs. 28-30). Concentrations of
dissolved constituents generally did not vary significantly during the year or from year to year.
The relatively large volume of water in lake 9 that mixes with relatively small volumes of inflow
water resulting from snowmelt or precipitation decreases the variability in water chemistry of
lake outflow. Chloride concentrations in outflow water were largest in a sample collected
October 24, 1986 (table 8; figs. 28-30).

Depth profiles of temperature, dissolved oxygen, specific conductance, and pH for lake 9
are shown in figure 31. During the 1988 field season data were collected in June, July, August,
and September. These data show that in June the thermocline was very near the surface and was
poorly developed, specific conductance and dissolved oxygen were approximately the same
throughout the water column, and pH was largest near the surface and decreased near the
bottom of the lake (fig. 31). Data collected in July indicate that the thermocline was
approximately 15 feet below the lake surface, and dissolved oxygen was largest at the
thermocline, decreasing to approximately 1 milligram per liter at 28 feet and below (fig. 31). The
pH followed a trend similar to those of temperature and dissolved oxygen. Specific conductance
was larger near the bottom of the lake. By August, the same trends can be seen, but the
thermocline had moved downward to approximately 22 feet below the lake surface (fig. 31). The
lake apparently had "turned over" by September because the properties measured were
approximately the same throughout the entire water column (fig. 31). During the late summer
months the dissolved-oxygen concentration in water from the deeper parts of the lake generally
is small (less than 1.5 milligrams per liter).
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and pH of water from lake 9--Continued.
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Lake 8

Lake 8 is at an altitude of 11,775 feet. Lake 8 is the sixth largest of the nine Latir Lakes,
having a total surface area of 3.07 acres. By volume it is the fifth largest, containing 675,900 cubic
feet (15.5 acre-feet) of water. Maximum depth is 10.1 feet and average depth is 5.0 feet (fig. 32;
table 6). An area of seeps flows into lake 8 on the south side. This water is probably seepage
from lake 9. Surface-water outflow from lake 8 to Latir Creek was observed only in the spring
when the lake level was high. The area between lake 8 and Latir Creek, however, was damp all
summer long although no surface-water flow was observed.

Lake 8 was not selected for intensive lake sampling because lake 9 contributed
substantially more discharge to the lake system. Two lake-outflow samples collected on July 24,
1985, were analyzed for major constituents; the results of the analyses are listed in table 8.
Specific conductance and pH of the lake outflow were measured monthly during the field season
from 1986 through 1988 (table 7).

Lake 7

Located slightly north of the east-to-west trend of the other Latir Lakes, lake 7 is at an
altitude of 11,630 feet. It has the seventh largest surface area of the lakes (2.0 acres) and contains
429,700 cubic feet (9.9 acre-feet) of water. Maximum depth located was 8 feet and average depth
is 4.95 feet (fig. 33; table 6).

During the first visit to the lake in July 1986, no outflow from the lake was observed.
Because there is no continuous outflow from the lake and the lake is not located along Latir
Creek, no samples were collected and specific conductance and pH were not measured for the

study.

Lake 6

At an altitude of 11,670 feet, lake 6 has the second smallest surface area of the Latir Lakes
(1.63 acres). It is also the second smallest in volume, containing 188,800 cubic feet (4.3 acre-feet)
of water. Maximum depth of this lake is only 5.2 feet and average depth is 2.6 feet (fig. 34; table
6). The only surface-water inflow to lake 6 is along the northwest side from lake 9 and lake 8.
Specific conductance and pH of the lake outflow were measured monthly from 1986 through
1988 (table 7).
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Lake 5

Just upstream from lake 4, lake 5 is at an altitude of 11,570 feet. It is the fourth largest of the
Latir Lakes in area (4.11 acres), and the third largest in volume (2,132,000 cubic feet or 49.0 acre-
feet). Maximum depth is about 19 feet; average depth is 11.9 feet (fig. 35; table 6). The only
surface-water inflow to lake 5 (Latir Creek) is along the west side of the lake.

Specific conductance of outflow water from lake 5 generally is larger than that of outflow
water from lake 9 (table 7). The pH of lake 5 outflow water was larger than 9.0 in October 1986
and July 1987, but was 6.88 in September 1988 (table 8). This relatively small pH may have been
in response to the large amount of precipitation that fell in early September 1988. Calcium is the
dominant cation and the ions that produce alkalinity are the dominant anions in water from lake
5 (figs. 36 and 37). Concentrations of magnesium, sodium, sulfate, and chloride are relatively
constant throughout the year and from year to year. There is a substantial increase in calcium and
alkalinity in the outflow water from lake 5 from July to October 1987 and from June to August
1988 (figs. 36 and 37). Concentrations of most dissolved constituents decreased from August to
September in 1988. This decrease could have been due to dilution resulting from increased
discharge from lake 9 and precipitation on the lake surface because of the large amount of
precipitation that fell during this time.

Trends in the depth-profile data for lake 5 are similar from year to year and to those for lake
9; however, a pH and dissolved-oxygen "bulge" can be seen in data for June, July, and August
1988 in lake 5 (fig. 38). Dissolved-oxygen concentrations below the thermocline in lake 5 were
larger than those below the thermocline in lake 9 in July and August of 1988 (figs. 31 and 38).
Lake 5 also had a larger increase in specific conductance with depth (prior to the time the lake
"turned over" in June, July, and August 1988) compared with lake 9 (figs. 31 and 38).

Lake 4

At 11,550 feet in altitude, lake 4 is just downstream from lake 5 and substantially upstream
from lake 3. Lake 4 is the third largest of the Latir Lakes in area (4.61 acres) and fourth largest in
volume (1,490,000 cubic feet or 34.2 acre-feet). Maximum depth is only 10.9 feet and average
depth is 7.4 feet (fig. 39; table 6). Latir Creek (inflow from lake 5) is the only surface-water inflow
to lake 4. Specific conductance and pH of the lake outflow were measured monthly from 1986
through 1988 (table 7).
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58



IN MILLIEQUIVALENTS PER LITER

CONCENTRATION,

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

e ae
L N e
RN NN —
\, - i — -
f— - —
-— -
— — -
— - — - N PSP
— - - C
[E— -_— -— -
— - - — -
— -— - -— - -— - p—
v v v - — - - -
 w— — — - — - 7 — -
- -1 buad —— - | —— -—
- -— - -— - [
— - — — -— - {u——— -
T T e e —_— - - - -— -
— A - - — — -— — — p—
A C N - - — - - -
ey R — - -— — —
Y - _— -
LA — -1 — — - o -
r’ s //— — — - — - — -
S - - — - - — -
— S S |- -_— -— -1 -— - —-— - 1
rd ,/// band -1 — — -— s -
S | mas —-— -— -t — - -— P
/, ,/ /I P — - — — —-— | a— —
A 5 e p— - - — - — -
A —_— - — — j— nan —
t, '/ //_ — — - — - — -
S SN - - — - - (p—
— A S, -_— -— AT - —
Sy -— - — - —-— — -
g L - -— - —-— - —— o
S S - - — - - Jom -
S -— -— -y -— - 2 -— -
e -_— - — - - — -
C S -_— - — - -— -
— VA -— -1 — —-— -— = -— —
A4 - j — - a— - 2 - -
4 7 // — — — —
4 ’//l/ ’/ -— ——- Land -
ey 11
VA A™ | 11 T 1
VYl wm ) W - ) -
L L ) —— L1 1 8

CALCIUM (Ca*)

MAGNESIUM (Mg?)

SODIUM (Na')

SULFATE (SO,)

Figure 37.--Chemical

July 20 August 16 September 21

DATE

EXPLANATION

D CHLORIDE (CI")

——1 ALKALINITY

- NITRATE AS NITROGEN (NO,/N)

FLUORIDE (F7)

composition of lake 5 outflow water, 1988.

59




DEPTH BELOW LAKE SURFACE, IN FEET

15

20

25

30

35

TEMPERATURE,
IN DEGREES CELSIUS

0 5

LI S B B LB B L N B B A B B L L At (N RS S B SN B B

PSS TSN SN W00 (WY U S VAT S0 S W Y YT S U S SO0 WA SO T S SO

-
o

DEPTH BELOW LAKE SURFACE, IN FEET

16

18

October 24, 1986

——

DISSOLVED OXYGEN,

IN MILLIGRAMS PER LITER

0 10

15

o rrT T

IN FEET

10

20

25

DEPTH BELOW LAKE SURFACE,

30

LI B B B L B L e M N B L S A HNLUL BB B BN L R

FUNT U W ST T

Nl BV AU SR AT B ETEY

PR SRR O SN DR

35

July

TEMPERATURE,
IN DEGREES CELSIUS

0 5 10

Ty T T VT TTT [ TT VY

15

PO A A

IN MICROSIEMENS PER CENTIMETER

DEPTH BELOW LAKE SURFACE, IN FEET

60

0

10

20

25

30

35

SPECIFIC CONDUCTANCE,

AT 25 DEGREES CELSIUS
65 70

— T

LML B B LN B B BN S B S B BN SRS S L B S B BN BN M SN R R

NEFENET N ST TSN N A A U S S S S R S U U NS AR U ST A

PRI ST S S S

29, 1987

DEPTH BELOW LAKE SURFACE, IN FEET

DISSOLVED OXYGEN,

IN MILLIGRAMS PER LITER

0 5 10

15

0 P

2 |- -

N W

IN FEET

DEPTH BELOW LAKE SURFACE,

20

25

30

35

pH
[} 5 10
T T
- +
s -
- -
T AR

Figure 38.--Depth profile of temperature, dissolved oxygen, specific conductance,
and pH of water from lake 5.

60



10

12

DEPTH BELOW LAKE SURFACE, IN FEET

16

18

20

Figure 38.--Depth profile of temperature, dissolved oxygen, specific

TEMPERATURE,
IN DEGREES CELSIUS
0 5 10
0
5 |- ]
g q
[ o L 4
w
uw L ]
&40 |- =
z L J
wo [ i
E - e
£ 15| ]
2 L -
o o3 -
% L p
% 20 - -
] L ]
w - -
@ - -
E 25| -
a L E
w
u L i
35 PURTIN S S ST N
TEMPERATURE,
IN DEGREES CELSIUS
0 5 10 15
Ty 0
- = 2
L 1 o
- 4wy
| i w
z
= - G
w
r T Q
L 4 & 4
@
- B 2
(%]
o =1 w 10
x
r b <
-
I 1 2z 12
L {1 ©
-l
= 4 & 14
3 1 z
&
- -4 & 18
L d o
- - 18
IS A 20

October 14, 1987

DISSOLVED OXYGEN,
IN MILLIGRAMS PER LITER

SPECIFIC CONDUCTANCE,
IN MICROSIEMENS PER CENTIMETER
AT 25 DEGREES CELSIUS

0 5 10 70 80 90
0 T o[ T
: ] L+ ]
L J [ ]
s [ 1 ot
[ s ]
5t 1 5t 1
w I T w I N
w - - w - 4
=z i ] z 1 ]
Z b . 2 0F + .
w r ] m s ]
Q Q
< F 1 < i 1
W - w - o
g sk = S s .
» I ] » i ]
3 I b ¥ [ + 1
< r T < r b
- 20 - 4 20} -
2z [ ] 2 [ ]
o o
- I~ A - [~ T
w - 4 w L -
@ 25 |- - © .5 |- -
I r b I I 3
[ - B [ o e
a L 4 a L p
w w
a r h [a] B h
30 + — 30 | -
L ] [ )
L 1 L .
Y SR W P I W
June 9, 1988
SPECIFIC CONDUCTANCE,
DISSOLVED OXYGEN, IN MICROSIEMENS PER CENTIMETER
IN MILLIGRAMS PER LITER AT 25 DEGREES CELSIUS pH
0 5 10 15 0 50 100 (] 5 10
T 0 e 0 T
- m 2 + . 2 .
L ] . L J . L ]
B 1 w 4 - + 1 w 4 .
- = w L - w - o
z z
- 1 . s F + 4 . ef +H
w w
B T Q r T Q r h
L 4 & L 4 & L .
[+ 8 [+ 8
L . 2 L - 2 | 4
(%] (7]
r ] w 10 - w 10 b
'Y x
L ]l = L 1l 2 ! ]
- -
- 1 z 12F + 1 z 12 -
- i1 9 r 1 9 g 1
- 4 @ 14f + 4 @ 14f -
L 4 T L 4 T L -
- -
- 4 & st 1 & e .
L ] o | + ] o L + 4
- - 18 [~ — 18 |- -
' W E AU 20 PN S 20 PN S N N N WO Y
conductance,

and pH of water from lake 5--Continued.

61



DEPTH BELOW LAKE SURFACE, IN FEET

10

12

14

16

18

20

DEPTH BELOW LAKE SURFACE, IN FEET

Figure 38.--Depth profile

20

TEMPERATURE,
IN DEGREES CELSIUS

0 5 10

15

-

-

.

TS W W

TEMPERATURE,
IN DEGREES CELSIUS

0 5 10

15

0

18 | -

Ml IS e

and

DEPTH BELOW LAKE SURFACE, IN FEET

July 19, 1988

DISSOLVED OXYGEN,
IN MILLIGRAMS PER LITER

SPECIFIC CONDUCTANCE,

IN MICROSIEMENS PER CENTIMETER

AT 25 DEGREES CELSIUS

0

5

10

15

0 T

60

80

T 0 r

pH of

T WS e

20

DEPTH BELOW LAKE SURFACE, IN FEET

20 ' | L

August 16, 1988

DISSOLVED OXYGEN,
IN MILLIGRAMS PER LITER

IN MICROSIEMENS PER CENTIMETER

62

SPECIFIC CONDUCTANCE,

AT 25 DEGREES CELSIUS

0 5 10 15 60 80 100
0 e 0 —
2+ - - -
-
L { w L J
w &
w 4 { -+ -
w _z_ N ]
z | 1 4
- 6 - . Q - -
w <
(8] o 1 & r 9
g 8 |- — S -—+ —
5 L ]l @ L _
® ¥
w 10 4 X 10f -
% ] 1
> I ] 2 12
2 120 T
o 14 4 x 14 -
-
I - 4 o - p
E w
w 16 }— - O 16 + -
o > - - -
18 |- — 18 —
F1] S N e 20 L 1 2

water from lake 5--Continued.

IN FEET

DEPTH BELOW LAKE SURFACE,

IN FEET

DEPTH BELOW LAKE SURFACE,

10

16

18

20

10

pH
o 5
] e
2 -+
4 - 4
6 =
8 |- +
10+ +
12+ -
14 +-
161 -
18 +—+
2°|IAIIJAL
pH
0 5 10
T
_ +
L +ﬂ
! +
L + 4
N B

of temperature, dissolved oxygen, specific conductance,



DEPTH BELOW LAKE SURFACE, IN FEET

12

14

16

18

20

Figure 38.--Depth profile of temperature, dissolved oxygen,
and pH of water from lake 5--Concluded.

0

TEMPERATURE,
IN DEGREES CELSIUS

5 10

s 0

IN FEET

DEPTH BELOW LAKE SURFACE,

— 18

I R 20

September 20, 1988

DISSOLVED OXYGEN,

SPECIFIC CONDUCTANCE,
IN MICROSIEMENS PER CENTIMETER

63

IN MILLIGRAMS PER LITER AT 25 DEGREES CELSIUS pH
0 5 10 56 58 80 6 7 8 9
T - 0 T 1 ° I I
- - 2 ] 2 | -
- - E 4 L - E 4 | —
- A {8+ o+ 1
- 4 Z 6| — Z 6| —
+ 4w L 4 w L 4
[¢) (&)

- 4 & 8 — I 8 —

4 [+ o
o =) - - 3 5 4
L o 10| o 10
— 10 - —
g or + g or
r 1 3 r s - ]
- 4 = 12} — z 12| —
o o
- 4 ) - 1 ) o -
w w
- - ® a4 — @ g4 ~
I I
. - - 5 - - -
a .1 o
L 4 Y 46} 4 Y 6l .
L + s + i i + 4
- - 18F - 181 .
L ] L - s -
N B 20 . ] 20 1 ]

specific conductance,



OUTFLOW TO
LAKE 3
(LATIR CREEK)

MAJOR INFLOW
FROM LAKE 5
(LATIR CREEK)

EXPLANATION

LINE OF EQUAL LAKE DEPTH,
IN FEET, 1986--Interval is 2 feet

~27
100 150

200 FEET
60 METERS

: 40

oTo
3

Figure 3§.--Bathymetric map of lake 4.

64



Lake 3

At an altitude of 11,131 feet, lake 3 is just upstream from lake 2. Lake 3 is the largest of the
three lowest lakes. Having a surface area of 13.09 acres, it is the largest of the Latir Lakes in
surface area and the second largest in volume, containing more than 8 million cubic feet (188
acre-feet) of water. Maximum depth is 36.7 feet and average depth is 14.4 feet (fig. 40; table 6).
Latir Creek is the largest surface-water inflow to lake 3, although several small seeps are along
the margins of the lake. In the spring a small amount of water flows from lake 7 into lake 3.
During the summer there is no obvious surface-water inflow to lake 3 from lake 7.

Only three chemical analyses were performed on water from lake 3—-two samples collected
from the surface and one collected 10 feet below the lake surface--but some observations can be
made from these data (table 8). The location of the sample collection is uncertain. Specific
conductance and concentrations of dissolved constituents in water from lake 3 generally are
larger than those in water from the outflow of lake 5 (table 8). Alkalinity and concentrations of
calcium, sulfate, and chloride were similar in two samples collected at the lake surface on July 23,
1985, and October 25, 1986 (fig. 41). Calcium is the dominant cation and the ions that produce
alkalinity are the dominant anions.

Depth-profile data for lake 3 are similar to data for lakes 9 and 5; however, the pronounced
pH and dissolved-oxygen "bulges” shown in depth-profile data for lake 5 are not as pronounced
in data for lake 3 (fig. 42). Specific conductance increased substantially with depth in lake 3
prior to the time that the lake "turned over." Dissolved-oxygen concentration in water below the
thermocline generally was less than 1.5 milligrams per liter during the summer months.
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Figure 42.--Depth profile of temperature, dissolved oxygen, specific conductance,
and pH of water from lake 3--Continued.
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Lake 2

At an altitude of 11,122 feet, lake 2 is just above lake 1. Lake 2 is the smallest of all the Latir
Lakes, having a surface area of only 0.74 acre. It is also the shallowest lake with a maximum
depth of less than 3 feet. An attempt was made to take fathometer measurements for lake depth
in lake 2. However, because the lake is so shallow and the bottom is muddy, the definition of the
bottom on the fathometer charts was not clear enough to construct a bathymetric map. The
perimeter of the lake was surveyed, however, and the lake volume was calculated to be about
49,000 cubic feet (1.1 acre-feet) using an average depth of 1.5 feet (fig. 43; table 6). This average
depth was estimated on the basis of random depth sounding measurements. Latir Creek is the
only surface-water inflow to lake 2.

The chemical data set for water from the outflow of lake 2 is the most complete; thus, many
observations can be made concerning the effects of snowmelt and precipitation on lake
chemistry. Specific conductance of water from lake 2 is similar to that of water from lake 3 (table
7). Calcium is the dominant cation and the ions that produce alkalinity are the dominant anions.
Concentrations of most dissolved constituents were largest in the early spring (April) prior to
snowmelt and in the late summer and early fall (September and October) at the end of the 1987
field season (figs. 44-46). In 1988 the concentrations of dissolved constituents generally had less
variation (figs. 44-46).

SHORE LINE

INFLOW FROM
LAKE 3

(LATIR CREEK) FLUME

v\
N
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LAKE 1

NOTE: Depth of lake is less than 3 feet

(LATIR CREEK)

50 1?0 FEET

0
EXPLANATION - 1
0

T
¥ LOCATION OF LAKE-OUTFLOW SAMPLING 10 20 30 METERS

Figure 43.--Lake 2.
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Figure 44.--Chemical composition of lake 2 outflow water, April-July 1987.
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The continuous monitoring of temperature, specific conductance, pH, and dissolved
oxygen of lake 2 outflow water during 1987 and 1988 indicates daily and seasonal variation
(figs. 47 and 48). The large and abrupt changes in specific conductance, pH, and dissolved
oxygen are due to recalibration of the probes or, in the case of specific conductance, possible
fouling of the probe. The data in figures 47 and 48 were not shifted to compensate for drift in the
calibration of individual probes, because a suitable method to make the shifts could not be
determined. As a result, the raw data as collected are presented along with notes from field visits
when calibration of the probes was checked and if necessary the probes were recalibrated. The
reader is cautioned that the true value for a given parameter may not be correct in figures 47, 48,
and 49, but the relative variation with time for a particular parameter can be determined from
figures 47 and 48. In 1987, the temperature of outflow water started to increase about May 15;
specific conductance decreased steadily from April 27 to May 27, probably in response to
snowmelt (fig. 47). Specific conductance increased from about July 1 until the monitor was
removed from the lake in October (fig. 47). The pH of outflow water from lake 2 did not decrease
as the result of snowmelt runoff as was seen with the specific conductance. The pH of outflow
water increased approximately 2 units from late April until late August.

In 1988 the monitor was installed after snowmelt. The specific-conductance probe on the
monitor was not working correctly during most of the field season; thus, no yearly trends in
specific conductance can be seen. Daily fluctuations of all properties measured by the monitor
are shown in the data (fig. 48). Temperature generally reaches a daily minimum in the early
morning (6 a.m. to 8 a.m.), increases throughout the day until middle to late afternoon, then
starts to decrease. Daily temperature fluctuations range from a few degrees to more than 10
degrees. Specific conductance and dissolved oxygen also vary during the day and follow the
same general trend as temperature; pH, however, which also fluctuates during the day, lags
several hours behind the other properties (figs. 47 and 48). Daily fluctuations in pH and
dissolved oxygen probably are in part a response to biological activity in the lake.

Large volumes of precipitation appear to affect the chemistry of outflow water from lake 2
(fig. 49). A large amount of precipitation fell September 11-13, 1988 (1.13 inches on the 11th, 0.92
inch on the 12th, and 1.10 inches on the 13th at the atmospheric-deposition station). Streamflow
discharge from lake 2 increased abruptly from 1.5 cubic feet per second to more than 8 cubic feet
per second as a result of this large amount of precipitation. Examination of the continuous data
shows that temperature, specific conductance, and pH decreased during this time (fig. 49).
Temperature decreased approximately 5 degrees Celsius and pH decreased approximately
1 unit. Specific conductance of lake 2 outflow water decreased 3 to 4 microsiemens and then
increased to prestorm levels twice from September 11 to September 13 (fig. 49). There also was a
decrease in the daily variation of temperature, pH, and dissolved oxygen during this time,
probably due to increased cloud cover. The decrease in temperature and pH observed were
probably due to the large amount of precipitation during this time. Comparison of precipitation,
streamflow, and monitor data indicates several incidences in which pH is affected by
precipitation, although none are as obvious as that described above.
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Lake 1

The fifth largest of the nine Latir Lakes in area and volume, lake 1 is also the lowest in
altitude at 11,061 feet. The lake is very shallow throughout, rarely exceeding 4 feet in depth and
having an average depth of 2.7 feet (fig. 50; table 6). Latir Creek is the only surface-water inflow
to lake 1. Specific conductance and pH of lake outflow were measured monthly from 1986
through 1988 (table 7).

Latir Lakes System

Variation of Surface-Water Flow

Discharge measurements taken in the summer of 1986 at the outflow of all of the Latir
Lakes, except lakes 7 and 8, are useful in understanding the interaction of the ground-water/
surface-water system. Latir Creek begins at lake 9 and flows through lakes 6, 5, 4, 3, 2, and 1.
There are no other major surface-water inflows to the Latir Lakes. During snowmelt and intense
summer thunderstorms, some overland flow into the lakes from adjacent areas was observed;
because the soils along the margins of the lakes are relatively porous, however, much of the
snowmelt and precipitation infiltrates into the soils. The increase in surface-water discharge
from lake 9 downstream to lake 1 indicates that the water infiltrating into the soils (ground
water) discharges into the lakes (fig. 51). Discharge from most of the lakes was larger in June
than later in the summer, which probably indicates that the lakes were still responding to large
inflows of snowmelt waters. By July, the discharge from lakes 5 and 4 had decreased
substantially relative to the June discharges; however, the discharge from lakes 9, 6, 3, 2, and 1
had not. Discharge from the lakes in August was substantially less than discharge earlier in the
summer, which probably indicates that ground-water inflows to the lakes resulting from
snowmelt no longer affected the surface-water system (fig. 51). Discharges from lakes 9, 6, 5, and
4 were similar (0.4 to 1.0 cubic foot per second) in August (fig. 51). The small increase in
discharge downstream from lake 9 indicates that ground-water inflow to lakes 6, 5, and 4 was
not large during August; the largest ground-water inflow was between lake 6 and lake 5 outflow.
The increase in discharge from lake 3 compared with that from lake 4 indicates more ground-
water inflow between lake 4 outflow and lake 3 outflow than between lake 9 and lakes 6, 5, and
4. The decrease in discharge between lake 3 and lakes 2 and 1 indicates that water from Latir
Creek downstream from lake 3 or water from lakes 2 and 1 seeps into the ground.

Discharge from lake 2 has a similar pattern to discharge from lake 9, although discharge
from lake 2 is approximately six times larger than that from lake 9 (figs. 52-54). Draining of
snowmelt from lake 2 can be seen in the discharge records for 1987 (fig. 53). Large increases in
discharge from lakes 9 and 2 after snowmelt probably are in response to precipitation. For
example, a large increase in discharge from lakes 9 and 2 can be seen on September 11-13, 1988
(fig. 54). Approximately 3.1 inches of precipitation was measured at the atmospheric-deposition
station for a 3-day period starting on September 11. The increase in discharge from the lakes
probably is in response to this large volume of precipitation. Comparison of the recession of
discharge from lake 2 in response to this precipitation with the recession of discharge from lake 2
in response to snowmelt in the spring of 1987 shows that discharge decreases much more quickly
in response to precipitation than to snowmelt.
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Figure 50.--Bathymetric map of lake 1.
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Figure 52.--Discharge from lake 9 and lake 2, 1986.
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Figure 53.--Discharge from lake 9 and lake 2, 1987.
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Variation of Water Chemistry

Specific conductance varied between lakes and with time. Specific conductance of outflow
water from lake 9 generally is the smallest, increasing downstream from lake 9 (table 7 and fig.
55). Specific conductance of outflow water from the Latir Lakes generally increases during the
summer (June, July, and August) and the largest increases generally are in lakes 1-6. In 1986,
specific conductance of outflow water from lakes 9, 4, 3, 2, and 1 decreased from September to
October, and in 1988 specific conductance of outflow water from lakes 8, 6, 5, and 4 decreased
from August to September (fig. 55). These decreases probably are the result of dilution of lake
water by precipitation; large amounts of precipitation fell during these times. Why the lakes do
not respond the same is unknown, but is probably due in part to the residence time of water in
each lake, the volume of water in each lake, and the composition or type of inflow to each lake
(ground-water inflow versus surface-water inflow).

The pH of outflow water from the Latir Lakes also varies from lake to lake and from year to
year (fig. 56). In 1986 the differences of pH in the Latir Lakes were less than 1 unit in mid-June,
but were greater than 2.5 units by late October. The pH increased from mid-June to October in all
the lakes; however, the largest increases occurred from July to August in 1986 (fig. 56). The pH of
lake 2 outflow water generally increased from April through August in 1987 (fig. 56). There was
no significant variation in pH of outflow water from the Latir Lakes in 1987 from July to October.
In 1988, the pH of outflow water from all but lakes 9, 5, and 4 increased from June through
August, then decreased (fig. 56). The pH of outflow water from lake 9 decreased from June
through September 1988. The pH of water from all the Latir Lakes generally was less in 1988
than in 1987 (fig. 56). In general, pH of outflow water from lake 6 was the smallest and pH of
outflow water from lakes 3 and 1 was the largest (fig. 56).
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Figure 55.--Variation of specific conductance in outflow water
from the Latir Lakes, 1986-1988.
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Figure 56.--Variation of pH in outflow water from the Latie Lakes, 1986-1988.
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Variation of Nutrient Concentrations

Prior to study of the Latir Lakes, the lakes were assumed to be oligotrophic (unproductive)
because in areas where there has been little modification of the watersheds by human activities,
alpine lakes generally are oligotrophic. Oligotrophic lakes have small levels and supplies of
nutrients, thus low densities and yields of biota such as phytoplankton, zooplankton, and weeds
(Goldman and Horne, 1983, p. 352). Dissolved-oxygen concentrations in oligotrophic lakes
generally do not vary with depth in the lake and are near saturation. Eutrophic (productive)
lakes have large levels and supplies of nutrients, thus high densities of biota, and dissolved-
oxygen concentrations vary considerably with depth (Goldman and Horne, 1983, p. 352).
Depletion of dissolved oxygen observed in the deeper parts of lakes 9, 5, and 3 was not initially
expected in the Latir Lakes. In the late summer, rooted plants in lake 3 were observed to cover
much of the bottom where water depth was less than 10 feet. Algae blooms in the lakes observed
during the summer indicate that these lakes are quite productive. The Latir Lakes can be
classified as eutrophic on the basis of the above observations.

Depletion of dissolved oxygen in water from the deeper parts of lakes 9, 5, and 3 during the
summer months probably is due to biological oxidation of organic matter and respiration of
organisms. Oxidation of organic matter occurs in the water and at the sediment/water interface
at the bottom of the lake. The source of the organic matter is in the upper zones of the lake where
biological activity is most intense. Wetzel (1983, p. 161) noted that, in general, oxygen in water
above the thermocline diffuses slowly to the lower depths of lakes where dissolved-oxygen
concentrations are small. Many organisms cannot live in water containing small dissolved-
oxygen concentrations; thus, large volumes of water in lake 9 and lake 3 probably are not
suitable for habitation by many organisms during the summer months when dissolved-oxygen
concentrations are depleted in the lower parts of the lakes.

The productivity of a lake can be controlled by the supply of nutrients (nitrogen and
phosphorus) to the lake. Dissolved-nitrate concentrations in precipitation and snowmelt
generally are much larger than those in lake outflow water (tables 3, 5, and 8). The dissolved-
nitrate concentrations in lake 2 outflow water generally were larger than those in outflow water
from the other Latir Lakes at similar times during the year (table 8). Concentrations of dissolved
ammonia plus organic nitrogen in three samples (October 24, 1986, lake 9; October 24, 1986, lake
5; April 21, 1987, lake 2) generally were substantially larger than concentrations of dissolved
ammonia or dissolved nitrate.

The nutrient data collected for lake 2 outflow water are the most complete and probably
indicate trends similar to those that would be observed in the other Latir Lakes. During 1987,
dissolved-nitrate concentrations in lake 2 outflow water were largest in April, decreased until
late July, and then generally increased through September (table 8). No samples were collected
from October 1987 until June 1988. In June 1988, the dissolved-nitrate concentration was less than
0.01 milligram per liter as nitrogen. Wetzel (1983, p. 243-245) stated that in eutrophic lakes (rich
in nutrients, with rich organic production) dissolved-nitrate concentrations generally reach a
maximum concentration in late winter to early summer and a minimum in the fall. Dissolved-
nitrate concentrations decrease during the summer as the result of increased rates of nitrate
assimilation by plankton and nitrate reduction by bacteria (Wetzel, 1983, p. 243). Dissolved-
nitrate concentrations can decrease extremely rapidly in productive lakes due to the above
processes (Wetzel, 1983, p. 243). During the winter months, decreases in biological activity are
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due to colder water temperatures and a reduction in the amount of light penetrating the lake
water as the result of ice and snow cover on the lake surface. This decrease in biological activity
results in increases in dissolved-nitrate concentrations. The decrease in dissolved-nitrate
concentrations in lake 2 outflow water during the spring and early summer of 1987 probably is
the result of increased assimilation of nitrate by phytoplankton and the increase in nitrate
reduction by bacteria. No water-chemistry data were collected from the Latir Lakes from
November to June with the exception of two samples from lake 2; however, the April to October
variation in nitrate concentrations seen in lake 2 outflow water probably is representative of the
variations in dissolved-nitrate concentrations in the other Latir Lakes. There has been little
modification of the Latir Lakes watersheds by human activity and therefore the principal input
of nitrogen to the Latir Lakes occurs during precipitation and snowmelt. The nitrogen probably
is assimilated by plankton during the summer and therefore large nitrogen concentrations are
not observed in the lakes during the summer. Increases in nitrate concentrations in precipitation
and dry fall could result in increases in the productivity of lakes (Wetzel, 1983, p. 223-224).

The productivity of the Latir Lakes appears to be controlled by the amount of dissolved
nitrogen in the lake waters. Nutrients are usually taken up by a particular species in proportions
approximately equal to the proportions in the body tissues. Plants and algae require a nitrogen-
phosphorus ratio of 7:1 by weight (Goldman and Horne, 1983, p. 132). Dissolved-nitrogen to
dissolved-phosphorus ratios in the Latir Lakes outflow were generally less than 7:1, indicating
that the productivity of these lakes generally is limited by nitrogen. Samples collected from lake
2 outflow in April and May 1987 had some of the largest dissolved-nitrogen concentrations and
at this time of the year the lakes seem to be phosphorus limited.

Evolution of Water Chemistry

The evolution of water chemistry in the Latir Lakes system can be examined by comparing
water chemistry from different lakes. Water from lake 9, which is the headwaters for the surface-
water system, moves downstream through lake 5 and then to lake 2. The discharge data show an
increase in discharge from lake 9 to lake 2, indicating ground-water and surface-water discharge
into the lakes downstream from lake 9 in addition to the flow of Latir Creek. Changes in water
chemistry from lake 9 to lake 5 and from lake 5 to lake 2 can be used to identify (1) processes that
occur during the evolution of water chemistry as the water moves downstream in Latir Creek
and through the lakes; or (2) differences in the chemistry of ground water and surface water that
discharge into the different lakes.

Silica concentrations in outflow water from the Latir Lakes range from 3.93 to 6.80
milligrams per liter (table 8). These silica concentrations are relatively large considering the
dilute nature of the water in the Latir Lakes and indicate weathering of silicate minerals during
the evolution of lake waters.

The chemical composition of water in the Latir Lakes is the result of precipitation that falls
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